I. INTRODUCTION
Among the III-V semiconductors the nitride-based semiconductors have received both scientific and technological attention over the past years owing to their excellent physical properties. 1 The fascinating mechanical properties, such as hardness, high melting temperature, high thermal conductivity, and large bulk moduli make them useful for protective coatings. In particular, the electronic properties, characterized by large band gaps and relatively low dielectric constants, indicate tremendous potential applications in optical devices working in the blue and ultraviolet (UV) wavelengths. Recently, high-power blue and green light emitting diodes (LEDs) have been fabricated by using InGaN-based multiquantum-well structures and are commercially available. 2 Blue and UV nitride semiconductor laser diodes (LDs) have also successfully been demonstrated. 3 Consequently there has been great interest in the fundamental properties, the understanding of which can render the improvement of the materials and device quality possible.
Heterostructures based on GaN and Ga 1−x Al x N have become important candidates for optoelectronic materials. Great attention has been paid to the nitride heterostructures and layered structures. Short-period superlattices (SL's) have been successfully fabricated by advanced growth techniques. 4 Phonon spectra of these SL's were investigated by infrared (IR) spectroscopy. The PFTM for wurtzite GaN or AlN is schematically displayed in Fig. 1 . The dynamical matrix elements are given by
where q is the wave-vector; l is the index of a unit cell and κ stands for the index of atoms in the unit cell; M κ is the mass of the atom κ; φ (lκ; l ′ κ ′ ) is the planar force-constant between the atoms (lκ) and (l ′ κ ′ ); U(lκ) is the position of the atom (lκ). The dynamical matrix subjects to the following secular equation
The eigenvalues and eigenvectors of the vibrational modes can be obtained by solving Eq.
(2).
Four planar force-constants shown in Fig. 1 are used for either GaN or AlN. They are two cation-anion planar force-constants, one cation-cation force-constant and one anionanion force-constant. The on-site force-constants φ(lκ; lκ) can be obtained from the sum
The values of the four planar force-constants are obtained by a fitting procedure. The existing experimental data that are useful in fitting are the A 1 (LO) phonon frequency at the zone-center determined by Raman spectroscopy. Therefore, the four planar force-constants are obtained by fitting them to the three-dimensional calculations. 11 The fitted A 1 (LO) phonon frequency, two B 1 phonon frequencies and the elastic constant C 33 are given in Table I The calculated phonon dispersion and vibrational patterns is given in Fig. 3 For a confined mode the vibrations are sharply confined to one of constituent layers.
In consequence, the confined mode can be viewed as the standing wave, described by an effective bulk wave-vector
where n is the nominal number of bilayers, j is the order of a confined mode, d 0 is the nearest-neighbor cation-cation or anion-anion distance and δ is a parameter describing the degree of penetration of the vibrations of a confined mode into the adjacent constituent.
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The frequency of the confined mode can be derived simply from the bulk dispersion
instead solving the secular equation about the dynamical matrix if the parameter δ is properly chosen. The above discussions are only valid for the confined modes not for the resonant, quasi-confined modes or the extended modes.
To test the above idea we give in Fig. 4 
